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FOREWORD 


This  report  describes  a ful!  scale  magazine  separation  test  conducted  at  the  Naval  Weapons 
Center  in  June  1974.  The  test  work  was  conducted  for  the  Department  of  Defense  Explosives  Safety 
Board  (DDESB)  using  funds  provided  by  that  organization.  The  work  was  identified  by  Army 
Program  Element  Number  6.57.02.A  and  Project  and  Task  Area  Numbe;  4A765702M857. 

Based  on  data  derived  from  the  test,  DDESB  has  made  significant  gains  in  information  relating 
"to  hazards  criteria 

Appendix  B of  he  report,  covering  vehicle  and  traffic  route  investigations  and  window  glass 
hazard  studies,  was  prepared  by  F.  R.  Fletcher,  D.  R.  Richmond,  and  D.  V.  Richmond  ol  the 
Lovelace  Foundation  for  Medical  Education  and  Research,  Albuquerque,  N.M. 

This  report  h;s  been  reviewed  lor  technical  accuracy  by  DDESB  stafi  members  Mr.  Russell  G. 
Perkins  and  Dr.  Thomas  A.  Zaker.  Mr.  Perkins  and  Dr.  Zaker  a'.'-o  played  major  roles  in  the  design  of 
the  test. 

Captain  Peter  !•'.  Klein,  USN,  liras. man  of  DDESB,  provided  technical,  administrative,  and 
policy  guidance  during  the  preparation,  execution,  and  reporting  of  the  test. 
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(U)  In  an  instrumented  test  in  June  1974  at  the  Naval  Weapons 
Center,  approximately  350,000  pounds  of  Tritonal  explosive  contained  in 
Ml  17  bombs  were  detonated  simultaneously  within  a steel-arch, 
earth-covered  igloo  flanked  by  two  adjacent  igloos  and  near  three  other 
igloos  located  with  varying  degrees  of  face-on  exposure  and  at  varying 
distances  from  the  donor  blast.  The  principal  objective  was  to  qualify  the 
oval  steel  arch  igloo  at  the  minimum  side-to-side  spacing  now  permitted  for 
standard  earth-covered  magazines.  Test  results  indicated  that  the  range 
tolerated  by  the  oval  steel  arch  igloo  covers  the  minimum  standard  distance 
in  feet  equal  to  1.25  X W1^3,  in  which  W is  the  weight  in  pounds  of  the 
high  explosive  in  storage. 

(U)  Additionally,  the  results  showed  the  single-leaf  sliding  door  to  be 
effective  whether  mounted  on  a new  structure  or  on  an  existing  headwall. 
The  test  also  included  investigation  of  the  response  of  a new  light-gauge, 
deepiy  corrugated  steel  arch  and  further  investigation  of  separation  distance 
standards,  of  safety  distances  specified  for  public  traffic  routes,  and  of  the 
hazards  associated  with  window  glass  used  in  commercial  and  institutional 
buildings.  The  report  contaii.j  data  on  igloo  damage  and  structural  motion, 
air  blast  pressures  at  the  site,  and  vehicle  and  window  damage. 
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INTRODUCTION 

At  the  request  of  the  Department  of  Defense  Explosives  Safety  Board  (DDESB),  the  Naval 
Weapons  Center  (NWC)  on  12  June  1974  conducted  at  the  Randsburg  Wash  Test  Range  a large-scale 
explosives  hazards  test  known  as  ESKIMO  Ml.  (ESKIMO  is  an  acronym  for  Explosive  Safety 
Knowledge  IMprovement  Operation.)  This  was  the  third  in  a series  of  full-scale  tests  of  earth-covered 
magazines  sponsored  by  the  DDESB.  The  mam  purpose  of  this  test  was  to  evaluate  a ,.ew 
earth-covered  noncircular  corrugated  steel  arch  magazine  by  exposing  it  to  explosion  of  an  adjacent 
magazine  at  the  minimum  side-to-side  spacing  now  permitted  by  standards. 

ESKIMO  I,  the  first  test,  was  conducted  in  December  1971  to  determine  a safe,  practicable 
minimum  separation  distance  for  face-on  exposures  of  U.S.  Army  standard  steel-arch  magazines  1 
Explosion  communication  occurred  to  an  acceptor  igloo  of  this  design  at  a distance  in  feet  equal  to 
1.25  X W1  in  which  W is  the  weight  in  pounds  of  the  high  explosive  in  storage,  but  failed  to 
occur  at  a distance  of  2.0  X W'/3  to  the  rear  of  the  donor.  Further,  the  test  revealed  that  safety 
and  economy  might  be  increased  through  improved  design  for  closer  balance  in  strength  between  the 
doors  end  headwall  of  the  magazine. 

ESKIMO  II  was  conducted  in  May  1973  to  appraise  magazine  door  and  headwall  designs.2  The 
test  reaffirmed  the  need  to  balance  the  strength  of  headwalls  and  doors.  A large,  single-leaf  sliding 
door  withstood  the  blast  with  minor  distortion,  although  the  accompanying  headwalls  sustained  severe 
damage.  A Stradley-type  headwall,  on  the  other  hand,  incurred  only  minor  damage,  in  addition,  the 
iior.circular  (oval)  steel  arch  tested  with  (he  Stradlev  headwall  withstood  the  blast  without  breakup  ot 
severe  distortion. 

ESKIMO  III  further  extended  the  study  of  explosive-storage  magazines,  using  information 
derived  from  ESKIMO  ! ami  II.  A tin t her  test  of  the  oval  arch  and  S'radlzy-type  headwall,  ESKIMO 
111  used  structmes  remaining  from  ESKIMO  II,  rebuilt  as  necessary,  as  well  as  new  construction. 
Igloo  B.  the  oval-ai eh  magazine  tested  in  ESKIMO  II,  was  fitted  \\  th  a newly  designed  Stradley-tvpe 
headwall  with  a single  leal  sliding  door.  ESKIMO  II  had  proven  that  ' •‘radley-tyo  ’ headwall  could 
withstand  a face-on  impulse  <>!  I,7M)  psi/msec  and  that  the  ova!  stei  am.  v.loo  could  withstand  the 
lace-on  impulses  generated  by  that  charge.  ESKIMO  111  tested  the  ability  of  the  new  headwali  to 
withstand  the  side-on  blast  imposed  bv  the  explosion  of  an  adjacent  magazine. 

Ibis  report  ihscusse.,  ESKIMO  Ml,  its  objectives,  pioceduies,  and  results,  and  the  conclusions 
drawn  from  these  results. 

1 Naval  Weapois  Center  I SAIM(>  / V'aea-irie  .SVpararr. w />jf.  by  t irdrrtek  H Weals  China  t ake,  l'.,bt  . 
NWC,  A f ► r 1 1 I *.  K-i  pp.  ( \W(  II*  54  30,  publication  l N'<  i.,\5SI!  i 1 l>.  ) 

* 'Vr.fpnm  Center  //  \f^iirinr  Separatum  bv  I rfdftii  k H Weak.  (Tuna  \ jkr.  Calif.. 

s Wt  . M2pJt  in  ‘ o'  >’4.  pp  I NWC  II  5*^  ? public a to  'n  l N<  1 ASSI1  II  l>  ) 
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TEST  OBJECTIVES 


The  primary  objective  was  to  qualify  the  ovai  steel  arch  igloo  at  the  1.25  X W1  minimum 
side-to-side  spacing  now  permitted  for  the  semicircular  and  other  standard  earth-covered  magazines. 
Other  objectives  were 

1.  Evaluation  of  a less  expensive  light-gauge,  deeply  corrugated  earth-covered  arch. 

2.  Test  of  single-leaf  sliding  door  installed  on  an  existing  standard  headwall  (Igloo  C)  at  2,75  X 
W'  /-\  the  recommended  distance  for  face-to-side  orientation. 

3.  Further  investigation  of  separation  distances  at  other  than  side-to-side  orientation. 

4.  Investigation  of  hazards  associated  with  window  glass  locatea  at  varying  distances  (based  on 
U.S.  and  NATO  inhabited-building  distances)  from  the  exploding  magazine. 

5.  Evaluation  of  blast  damage  to  highway  vehicles  placed  at  distances  from  m^gaziiiw  structures 
specified  by  the  United  States  and  NATO  for  public  traffic  routes. 


NEAR-FIELD  TEST  LAYOUT 
DONOR  CHARGE  AND  MAGAZINE 


Trie  donor  charge,  consisting  of  350.000  pounds  of  Tritonal  contained  in  stacked  Ml  17  bombs, 
was  enclosed  in  an  earth-covered  magazine,  HO  feet  long,  which  was  constructed  of  lightweight. 
14-gauge,  deeply  corrugated  steel  in  place  of  the  standard  1-gauge  corrugated  metal  (Figure  1)  hut 
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which  was  otherwise  identical  to  the  standard  steel  arch  igloo.  Appendix  A presents  further 
construction  information.  The  donor  magazine  was  built  parallel  to  the  oval  steel  arch  Igloo  B and  at 
the  minimum  standard  spacing  from  it. 


IGLOOS 

Five  acceptor  magazines  were  grouped  around  the  donor  magazine,  as  shown  in  Figure  2.  All 
magazines  were  earth-covered  corrugated  steel  arches.  Igloo  A,  a 14-gauge,  deeply  corrugated 
semicircular  arch  built  to  the  same  specifications  as  the  donor  magazine,  was  located  at  the  minimum 
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side- to-side  spacing  now  permitted  by  DDF.SB  standards.  1.25  X W 1 / •' , from  the  donor.  Igloo  B,  the 
existing  XO-foot-long  noncircular  arch  adjacent  to  the  donor  magazine,  was  equipped  with  a modified 
Stradley-type  headwali  and  single-leaf  door. 

in  addition,  three  existing  standard  heavy  steel  semicircular  arches  at  other  orientations  were 
equipped  with  new  doors  or  headwalls  and  doors.  Acceptor  Igloo  C,  which  remained  from  a 1%3 
test,  was  almost  exactly  2.75  X W'U  feet  from  the  donor-tite  recommended  face-to-side  separation 
distance.  Thus  it  afforded  the  opportunity  for  a direct  test  of  the  improved  single-leaf  sliding  door 
mounted  on  a sound,  existing  standard  headwali.  Igloo  D,  left  from  ESKIMO  H,  was  rebuilt  with  a 
standard  headwali  and  doors.  Despite  some  line-of-sight  exposure  of  donor  and  acceptor  headwalls. 
this  relative  oiientation  qualifies  for  the  side-to-side  separation  distance  (1.25  X W1^3)  but  is  nearly 
at  the  limit  of  angular  position  beyond  which  the  face-to-side  distance  (2.75  X W 1 3 ) applies.  As 
built,  this  exposure  is  at  2.55  X W 1 ! 3 , a value  between  the  two;  a success  would  hav*  justified 
considering  some  further  relaxation  of  the  standards,  at  least  on  a special-case  basis.  Igloo  It  was  also 
rebuilt  with  standard  doors  and  a standard  headwali.  This  was  a front-to-front  exposure  at  3.70  X 
W1  for  the  recommended  size  of  igloo  donor.  Standards  require  6 X W1  3 using  a barricade  of 
adequate  height  to  stop  fragments  between  igloos.  This  orientation  was  tested  in  ESKIMO  !.  with 
failure  at  2 X W1'3  The  ESKIMO  II!  test  involved  a separation  midway  between  this  and  the 
untested  standard  distance.  A success  would  have  indicated  the  possibility  of  a worthwhile  reduction 
ot  the  required  distance  for  igloos  and  for  substantial  above-ground  magazines  or  strengtl  ened 
operating  buildings  as  well. 


I AR-F  H LI>  I!  ST  LAYOUT 


Io  compile  additional  data  rega.Jing  appropriate  separation  distances  between  explosive  storage 
and  handling  sites  and  inhabited  t'uildines  utd  public  lug1  ways,  window  test  stnictures,  motor 
vehicles,  and  a B-2't  ancrati  weie  placed  at  var\  mg  distances  trom  the  blast,  fiicse  distances  included 
the  1 niter!  States  and  NATO  inhabited  building  and  public  traffic  route  distances.  I or  the  placement 
ot  these  structures  and  vehicles,  see  Appendix  It 

WINDOW  !!  Si  STRIA  I URLS 

I en  ’oom  size  wood  I tame  cubes  (used  m i lie  ESKIMO  I!  tesO  were  installed  along  the 
nor thweM  taih.i!  .r  disiaoeec  of  Tv''',  Tl('0.  and  5 .'*20  (eel  liwn  the  donor  Idas'  center.  On  each 
cube  windows  were  mounted  m the  wall  lacing  ibe  donor  sue  Nine  ot  the  10  Lillies  were  equipped 
with  Srviolo.im  w i.  ness  plates  (glass  tiagmeut  traps),  provided  under  contrail  by  tire  l.ovelace 
I ound  i!  ion  toi  Medieal  Education  and  Revatch.  Albuquerque.  VM.  One  ol  the  cubes,  positioned  .it 
' V' teet  tio"i  tile  dotioi.  com. lined  in  .inthiopomorplnc  dummy  r.ovded  by  the  I cvel.tco 
I oiiud.ition  I tie  iespon-.es  ot  file  d-imnn  and  lire  wmi!e-w  m tmlfi  ol  it  wen-  lecoi  .ieil  hv  an  NAM 
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16-mm  camera  operating  at  approximately  400  frames  per  second.  Window  test  cubes  had  been 
constructed,  sited,  installed,  and  fitted  with  accessories  in  accordance  with  NWC  Dwg.  1R  No. 
74777/A- 1 A-2,  Shop  Control  W057-282. 

For  information  on  test  results  for  these  structures,  see  Appendix  B. 

VEHICLES 

Ten  automobiles  were  exposed  to  the  blast,  at  ranges  of  2,1)5  feet  (U,S.  public  highway 
separation  distance),  2,670  feet  (NATO  separation  distance),  and  3.950  feet  (1.5  times  the  NATO 
distance)  (see  Appendix  B). 

One  of  (he  vehicles  that  was  local  .1  at  2,115  feet  contained  an  anthropomorphic  dummy, 
secured  by  means  of  a lap  seat  belt.  4 second  high-sy  ;cd  16-mm  camera  recorded  the  responses  of 
this  dummy  and  the  automobile  windows  adjacent  to  it. 

Appendix  B discusses  the  responses  of  all  vehicles  to  the  test. 


AIRCRAFT 

The  B-2l>  aircraft,  which  was  located  1,500  feet  from  the  donor  in  the  ESKIMO  I test,  was 
moved  to  1.210  feet  from  the  donor  for  rhe  ESKIMO  II  test.  For  ESKIMO  HI.  the  aircraft  remained 
in  position,  about  1,100  feet  from  the  new  donor. 


INSTRUMENTATION 
PRESSURE  C.Al'GE  LAYOUT  IN  T'!E  NEAR  HELD 

hum’  peak  overpressure  versus  time  was  recorded  at  the  ground  surface  7 feet  in  Iron!  ot 
each  uecej  tor  igloo  Reflected  peak  pressure  am!  impulse  load  were  obtained  directly  fiom  t ace-on 
Mas.  gauge1  'it  in  each  he.idwall  nisi  outside  the  -.p*;ng  Tire  ot  the  metal  melt  and  about  4 feet 
above  the  Hoot  level  ot  the  riag.t/ine  A row  ot  surface  gJiHies  was  emplaced  to  measme  the  incident 
peak  pi v ss' nr  ovei  ihe  e.ulli  on  the  light-gauge  circular  .rich  muga/me  (Igloo  A),  on  the  oval  arch 
•naga  ’ ne  (Igloo  til.  .md  lo  the  mar  ot  the  donot  m.iga/me.  Figure  3 ilhe.irates  the  Uu.itions  ot  these 
K rst to r pnvoele.  1 1 1,  c luges 

1 okrn  explosive  charges  weie  not  used  in  (he  avo.f!ai  igioos  as  iiullvatois  ot  explosive 
i onminnn  n i1  m Rather  a veleiainm  and  displacement  nie.r  "aeniftits  wet  made  >n  the  arches  ot 
Igloos  \ and  H lo  . .•rciiTi'.n  the  degree  ot  risk  to  . • plosive  vono-nts  in  case  ot  a failure  ol  one  ot 
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FAR-FIELD  PRESSURE  GAUGES 

Twenty  Ballistic  Research  Laboratories  (BRL)  self-recording  mechanical  gauges  were  placed 
(Table  It  in  pairs  at  660  and  1.320  feet  from  the  blast  site  on  the  east  radial,  at  660,  1,320,  2,1.15, 
and  2,630  feet  on  the  southwest  radial;  and  at  660,  1,320,  2,115,  2,630,  and  3,526  feet  on  the 
northwest  radial.  At  positions  also  designated  for  vehicles  or  window  test  cubes.  gau6es  were  carefully 
placed  where  they  would  not  be  shielded  from  the  blast. 


TABLE  1.  Schedule  of  Capsule  Selections 


for  BRL  Self-Recording  Gauges. 


Radial  distance  | 
from  donor,  ft 

1 ] 
1 No.  of  1 
! 1 

1 gauges  i 

MW  leg  | 

' ! 

No.  of  i 

gcuges 
SW  leg 

| No.  of 
gauges 
NE  leg  , 

Est.  max 
overpressure, 
psi  1 

[ Capsule 
' rating, 
psi 

660 

' 2 1 
Z 1 

2 i 

2 

l 11.0 

15 

1,320 

i ? ! 

2 

n 

*• 

3.5 

5 

2,115 

2 i 

2 

• • • i 

1.9 

5 

2,630 

2 

1.3 

5 

2,630 

2 1 

1 

1.0 

1 

3,526 

L-lJ 

i 

i ■■  °-7__l 

1 

DYNAMIC  MEASUREMENT  OF  IGLOO  STEEL  ARCH  MOTION 

Motion  id'  the  steel  atch  versus  time  was  measured  in  Igloos  A and  B,  using  instruments 
described  in  Tables  2 and  3 and  Liguie  4.  Absolute  measurements  are  based  on  an  arbitiarv  bench 
mark  established  outside  the  test  area. 

All  measurements  except  accelerometer  readings  were  based  on  measuring  the  telescoping  action 
of  a steel  rod  in  a round  lube.  The  action  of  the  arch  and  of  the  rods  was  photographed  at  igloo 
midpoints,  fotal  motion  relative  to  a zero  or  initial  position  was  recorded  by  means  ol  a scratch 
dev.ee  at  all  positions.  Since  the  Hum  was  also  expected  to  he  moving,  measuiements  of  aich  motion 
weie  relative  to  a 640-pound  mass,  a 4-loot  by  4-loot  by  I -inch  steel  plate  suppoilod  by  an  au-lilled 
toioidal  lubber  bladder  Motion  ol  the  tiooi  lel.uive  to  this  icleience  n iss  was  also  photographed  at 
the  midsections  ol  Igloos  A and  It. 

I meai  moiion  ti.msducers  weie  used  to  measure  the  movement  ol  all  lubes,  on  the  4s-deguo 
ladial  on  the  i>l ,i , t side  ol  Igloo  A and  the  eonespornlmg  ’ubes  at  20  feet  ami  at  60  teet  from  the 
he  idw.d!  of  Igloo  H on  the  ceiiletlme.  .'()  feet  liom  ihe  headw.dl,  ol  Igloos  A and  H.  and  on  the 
oo 1 1 1 o i ! i no . imdsc  1 ion,  of  igloo  It. 

\i\  cleioim  ic  i s were  installed  at  positions  Mown  in  fables  and  3.  I wo  .iceeleialiou 
nompoiii1  ills  were  measured  in  the  iiosvseilioii.il  plane  ol  the  magazines  on  the  ceiitetlmc. 
midsei  lion,  ol  Igloos  A and  It 


■iu  >. 
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TABLE  2.  Interior  Motion  Instrumentation,  Igloo  A. 


S “ scratch  gauge  A = single-axis  accelerometer 

PO  = photo-optical  motion  recording  A-A  =■  3-axis  accelerometer 

LM  - linear  motion  transducer  (records  two  outputs) 


Distance  from 

45  deg, 

22  1/2  deg  off  CL, 

CL, 

- 

22  1/2  deg  off  CL, 

45  deg. 

door,  ft 

blast  side 

hlast  side 

vertical 

let  side 

lee  side 

20 

S,  LM 

S,  LM,  A 

S 

40 

S,  PO,  LM,  A 

S,  PO 

S,  PO,  A-A 

S,  PO 

S,  PO 

60 

S,  LM 

S,  A 

s 

TABLE  3. 

Interior  Motion  Instrumentation,  Igloo  B. 

* scratch  gauge 

A - sing!e*axis  accelerometer 

PO  =*  phofo-optical  motion  recording 

A-A  * 3-axis  accelerometer 

LM  - linear  motion  transducer 

(records  two  outputs) 

Dis,ar'je  from  j 

8 ft  above  floor 

8 ft  off  CL, 

CL, 

8 ft  off  CL,  i 8 ft  above  floor. 

door,  ft  j 

blast  si  tie 

i blast  side 

ve.  rical 

lee  side  ! lee  side 

...  1 .. 

20 

S,  LM 

S,  LM,  A 

: 

s 

40 

S,  PO,  A 

S,  PO  i S,  PO,  l.M.  A- A 

S,  PO 

S,  PO 

60  | 

S,  LM 

J i 

S_f 

. L . . 

s 

Cl 


CL 


• It. I III  ! ! \ .!■!.■  h.  I '■  HcI.imm-  Mi  t|»  ■ .md  l 
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MEASUREMENT  OF  AUTOMOBILE  MOTION 

Some  vehicles  used  in  ESKIMO  II,  but  unsuitable  for  ESKIMO  III  because  of  prior  damage, 
were  moved  to  a position  near  the  south  camera  station.  The  vehicles  were  turned  to  expose  the 
previously  unexposed  side.  The  motion  of  these  vehicles  when  hit  broadside  by  the  blast  wave  was 
then  photographed. 

A fixed  post,  intended  to  provide  a reference  for  gauging  car  movement,  was  placed  in  the  field 
of  view  of  the  camera  photographing  the  dummy  inside  a vehicle  on  the  northwest  radial  at  2,' 15 
feet  from  the  donor  charge. 

Spring-loaded  sty li  were  attached  to  extensions  of  some  vehicle  bodies  to  provide  a signature  of 
vehicle  motion  on  r»  fixed  aluminum  sheet  rigidly  attached  to  the  ground.  Figure  5 represents  the 
actual  size  records  from  these  scratch  gauges. 
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ZERO  TIME  INDICATOR 

Zero  time  or  time  of  detonation  for  the  Ml  17  bombs  was  determined  by  the  recorded 
signature  of  ionization  probes  placed  within  the  donor  stack. 


PHOTO-OPTICAL  COVERAGE 

Photographic  coverage  of  the  test  was  recorded  by  14  high-speed  16-mm  cameras,  at  speeds 
from  400  to  4,000  frames  per  second,  and  two  slower  35-mm  cameras  running  at  120  frames  per 
second.  Four  of  the  16-mm  cameras  provided  interior  coverage  of  acceptor  igloo  doors;  two  more 
16-mtn  cameras  recorded  the  action  of  the  telescoping  motion  sensors  in  Igloos  A and  B.  All  interior 
footage  was  shot  at  400  frames  per  second. 

Three  of  die  cameras  covering  the  site  area  and  oblique  views  of  the  headwalls  were  located 
1,500  feet  south  of  the  donor.  A fourth  camera  at  this  location  recorded  the  motion  of  the  cars  left 
from  ESKIMO  11  Also  at  1.500  feet,  but  west-southwest  of  ground  zero,  another  camera  recorded 
the  blast  t'ace-on.  A camera  located  on  top  of  the  instrumentation  barricade  950  feet  west  of  ground 
/eio  provided  a more  localized  record  of  the  donor  and  Igloo  A.  Fout  16-mm  Milliken  cameras  were 
located  on  the  northwest  radial:  two  ai  2,115  feet  (one  recorded  at  close  range  the  responses  of  the 
windows  and  dummy  in  the  car;  the  other  provided  specific  coverage  of  the  donor  igloo)  and  two  at 
5,525  feet  (one  recorded  the  responses  of  the  dummy  and  the  glass  in  the  window  test  structure;  the 
other  recorded  the  general  site  and  the  blast). 

This  coverage  was  augmented  by  aerial  photogiaphy.  including  16-mm  motion  pictures  at  400 
fiames  pci  second  and  70-mm  pictures  at  10  frames  per  second  taken  from  a helicopter  at  45 
degtees  elevation  from  the  site  and  at  14,000  feet  slant  range 


I IMING 

Timing  was  provided  on  records  of  all  near-field  pressure  gauges,  linear  motion  transducers, 
accelerometers,  and  selected  cameras  so  that  the  events  recorded  were  correctable.  On  the  test  day 
inning  problems  were  encountered  and  collected,  howev-r.  the  timing  to  seveial  cameras  was 
sacrificed  lo  avoid  lurlhei  lesl  delay 


ESKIMO  lii  DETONATION 

A'  IT  Ml  I *1  > 1 tin  I luii  c l')74.  the  explosion  s'!  the  donor  charge  ol  stacked  Ml!7  bombs 
w as  imitated  b\  scudme  an  elevlitea!  Inmg  pulse  to  lw-o  engineer  sjxvtals  plaeed  m the  bundled 
teinim.il  ol  detonating  >.onl  I he  equal  length  Pnm.i.V'd  leads  went  lo  rum  bombs  almost 
the  ion!  nuinbei  I he  electne.il  impulse  roi  .lit-  two  detonatois  ongmatrd  .u  the  Randsburg  A.isli 
I ue  l oniml  Building,  appioxim.iielv  r>  miles  liom  the  blast  Site 


Li 


TEST  RESULTS 


GENERAL 

Based  on  presently  available  data  from  gauge  records,  it  is  believed  that  complete,  or  essentially 
complete,  detonation  was  achieved.  The  blast  shattered  tne  donor  magazine  and  produced  the  crater 
shown  in  Figure  6 and  mapped  topographically  in  Figure  7.  Varying  amounts  of  structural  damage 
were  incurred  by  the  test  magazines  and  far-field  structures.  Details  on  igloo  damage  are  presented 
with  illustrations  in  the  following  sections;  details  on  far-field  damage  follow  in  Appendix  B. 


^1*»***, 
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OBSERVED  STRUCTURAL  RESPONSE 


Igioo  A 

The  deeply  corrugated,  14-gaugc,  metal  arcl'.  was  deformed  non-uniformly.  with  the  deformation 

most  pronounced  along  the  portion  of  the  arch  nearest  the  center  of  the  donor  and  about  7 feet 

above  the  floor  line  (Figures  8 and  Although  damage  to  the  arch  on  the  side  facing  the  donor 

made  the  igloo  unsuitable  for  reuse,  the  arch  did  not  collapse,  and  the  velocity  of  inward  movement 

of  arch  components  would  not  have  provided  a hazard  to  explosive  stores. 

Both  door  leaves  were  ripped  from  their  hinges  and  thrown  inward  with  the  left  leaf  (left  as 


I I< • I ' K I h Av’ioptof  A.  Intel. or  \ u*\\  <>f  Suit*  Nc.ttcsl  the 
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KKil'R!  10.  Official  Visitors  to  the  Test  Standing  on  Right 
Leaf  td  !X>or  to  Acceptor  Igloo  A.  (Neg  I Ml.  183160) 


viewed  by  an  observer  on  the  outside  and  facing  the  magazine  door)  coming  to  rest  in  a near  vertical 
position,  lodged  between  the  igloo  arch  and  floor.  The  right  leaf  came  to  rest  in  the  igloo  doorway 
with  the  exterior  face  up  (Figure  10). 


Igloo  B 

The  noncircuhi!  steel  arch  approximating  the  Stradley  magazine  configuration  experienced  only 
minor  structural  damage  (figure  II)  The  out waid-sloping  coriugated  metal  sidewalls  were  pushed 
inward  slightly,  with  the  maximum  deformation  occumng  at  a height  ot  4 5 to  5.0  feet  above  the 
floor  at  the  side  nearest  the  donor  blast  The  tlooi  bowed  upward,  with  the  maximum  movement 
occurring  along  the  centerline.  I'pw.nd  move  men  t at  the  centerline  was  typically  near  0.4  tool,  i he 
central  flat  it  own  ol  the  noncnculai  steel  aich  moved  outward  (upward)  slightly  relative  to  the 
centerline  ol  the  Hoot,  with  lelatiw  movements  i.l  U 4S  loot  at  the  midpoint  of  the  arch.  In 
absolute  terms  the  upwaid  movement  at  the  arch  above  the  position  was  0.72  toot.  Absolute 
movement  was  measured  relative  to  an  aihiuars  bench  mark  established  ouiside  the  blast  area.  The 
rglO"  headwal!  incurred  signiiic  ruth  less  appaiem  damage  than  any  headwall  tested  !t'  date  in  the 
ISKIMO  series  The  sir  le  ieal  sliding  dooi  separated  liom  rls  suppoit  rail  and  tell  on  tire  ground 
immediately  ;n  tioiil  ol  the  dooi  opening  (ligure  l.'i  Although  n loll  the  door  was  structurally 
sound  and  is  being  reused  in  a lollow  up  test  the  dooi  closure  and  locking  device  was  pulled  away 
from  the  concrete  pilaster  at  the  oglil  hand  side  ot  lire  door  opening,  arid  the  door  support  rail  was 
damaged  (Figures  io  and  14)  I xplosives  stored  within  the  maga'ine  would  have  been  well  protected. 
It  is  possible  that  tlooi  motion  would  have  upset  some  ordnance  slacking  arrangements,  hut  veiv 
unlikely  that  ans  explosive  ha/aid  would  have  been  produced  hs  this  4 large  plate  glass  mirror 
placed  rn  the  southwest  coiner  ot  the  maga/nu  near  he  dooi  loi  phologiaphic  purposes  did  not 
h r e a k . 
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Igloo  C 

The  horizontally  spanning,  single-leaf  sliding  door,  essentially  identical  to  that  used  on  Igloo  B, 
withstood  the  blast  with  little  appaient  damage  or  deformation  (Figure  15).  It  remained  in  place  at 
the  door  opening  but  could  not  be  moved  until  power  equipment  was  brought  to  the  site  for  door 
removal.  The  concrete  headwall  remaining  from  a I ‘>65  test  experienced  some  cracking  (Figure  16), 
inward  movements  up  to  0.40  foot,  and  interior  concrete  spalling  near  the  door  opening.  The  degree 
of  head  wall  damage  was  significantly  less  than  that  experienced  by  a similar  door  and  headwal! 
combination  used  in  the  south  magazine  of  the  FSKIMO  II  test.  The  pressure  levels  measured  at  the 
headwall  were  also  less  for  the  FSKIMO  III  test. 
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h'KiURF  17.  I c It  Side  ot  Doorway  of 
l(d<Hi  I).  (Neg.  111!  1871  71) 


MCiUftl  18.  Rijiht  Side  of  Doorway  of 
Acceptor  Igloo  I).  (Neg.  I. ML  183172) 
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Igloo  E (HcadOl) 

The  most  severe  door  and  headwal!  damage  was  expei  renced  by  Igloo  E.  Here  the  door-leaf 
damage  and  deformation  indicated  that  the  leaves  were  thrown  '."award  with  significant  velocity 
(Figures  20,  21,  and  22)  and  would  have  jeopardized  any  stored  explosives.  Additionally,  the  steel 
channel  used  for  the  left  doorjamb  and  the  door  head  were  separated  from  the  concrete  headwal! 
(Figure  23).  The  headwall  experienced  considerable  damage,  with  a maximum  inward  movement  of 
approximately  1.5  feet  where  the  bottom  portion  of  the  left  doorjamb  separated  from  die  floor 
(Figure  24), 


8-29  Aircraft 

Damage  to  the  B-29  frame,  located  about  1,100  feet  from  the  blast,  was  extensive.  .An  aircraft 
at  this  distance  would  have  been  damaged  beyond  economical  repair. 


I Hil'Kf  20  At‘c*pu*f  U?)rv  I , Lrli  Si«‘v  InE.noi  (Nrg.  I HI  i K M 7*1) 
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DATA  DERIVED  FROM  INSTRUMENTATION 


BLAST  PATTERN 

The  presence  of  the  igloo  structure  and  earth  cover  strongly  influences  the  character  of  the 
blast  wave  produced  by  the  donor  charge.  Figure  25  shov/s  time-of-arrival  isopleths  for  50  and  90 
milliseconds  together  with  an  incident  overpressure  isopleth  for  50  psi.  These  isopleths  have  the 
general  character  of  ellipses  with  centers  on  the  centerline  of  the  forward  extension  of  the  donor 
igloo  centerline  and  20  to  20  feet  forward  of  the  exterior  face  or  60  to  70  feet  forward  of  the 
geometric  center  of  the  donor  igloo.  These  patterns  contrast  with  the  normal  circular  patterns 
expected  to  occur  around  the  donor  center  when  the  donor  is  unconfined.  The  presence  of  the  igloo 
greatly  reduces  overpressures  and  impulses  to  the  sides  and  rear  of  the  igloo. 

Figure  26  shows  graphically  the  averaged  overpressure  data  acquired  in  sideward  directions  from 
the  donor  igloo  (at  tight  angles  to  the  longitudinal  centerline)  compared  to  expected  values  from  an 
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equivalent  weight  of  TNT.  This  shows  that  expected  overpressures  from  the  uticonfined  TNT  charge 
are  appioxiniaie'v  live  times  as  great  as  those  actually  experienced  a!  a distance  equal  to  that  from 
the  centerline  of  the  donor  structure  to  the  centerline  of  acceptor  Igloos  A and  B.  The  ratio  reduces 
lit  1:7.2  at  sideward  gauge  positions  2(>4  feet  from  the  centerline  of  the  donor  igloo.  This  position 
approximates  the  position  of  a he  ad  wall  in  the  minimum  facc-to-side  orientation  of  2.75  X W1 ' \ At 
sideward  positions  1,570  feet  Ire  the  donor  centeiline.  the  ratio  reduces  to  about  1:1.  These  same 

comparisons  are  shown  in  a dit  t form  in  Figure  27  which  also  compares  a standard  TNT  curve 

v. ilh  overpressures  hire  and  aft  ui  Hie  donor  igloo  in  addition  to  those  to  the  sides.  Figure  27  shows 
ih.it  blast  overpressures  recoided  to  the  rear  of  the  donor  igloo  remain  well  below  standard  values  for 

.in  uncon  Fined  charge-'  at  distances  out  to  1,520  { IK  7 X W’  ')  teei  and  that  overpressures  recorded 

forward  ol  the  donor  exceeded  standard  values  at  near-field  positions  (*500  or  4.25  X W’ ' feet) 
hut  dropped  below  standard  values  lot  1.520  and  2.115  (.10  X W|  M)  feet  Averaged  o.erpiessure  arid 
impulse  data  -.how  that  at  not)  tee t from  the  center  ol  the  donor,  the  blast  approximated  that  from 
.Vs  ,000  pounds  of  uru online.!  I NT  m a hemispherical  configuration.  Hie  corresponding  value  at 
1.170  leel  is  .'xS.OOO  pounds  of  TNT. 

I he  assumed  value  ol  W 7lW.(XH),  used  in  Figures  7(>  amt  27,  was  calculated  using  procedures 
outlined  In  I ngelsn,  m which 
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EVENT  TIMES 

With  the  exception  of  the  BRL  self-recording  gauges,  all  data  were  recorded  on  a tine  base 
with  zero  time  determined  by  j pulse  indication  from  an  ionization  probe  inside  the  donor  magazine. 
Standard  iRIG  Format  B was  used  for  motion  pictures,  and  binary'  coded  1,000-hertz  timing  was 
used  for  magnetic  tape  data  from  near-field  instrumentation  (piezoelectric  blast  gauges,  linear  motion 
transducers,  arid  accelerometers).  Table  4 summarizes  early  event  times  in  the  near  field.  Table  S 
summarizes  the  data  obtained  from  accelerometers.  Figure  28  represents  the  data  obtained  fiom  the 
accelerometer  located  at  the  front  one-quarter  centerline,  position  of  Igloo  A.  Figure  28a  shows  the 
direct  record  of  acceleration  plotted  against  time;  Figure  28b,  the  plot  of  a derived  value  of  velocity 
versus  time.  Those  acceleration  values  marked  greater  than  40  g in  Table  5 are  well  beyond  the 
calibration  range  of  the  accelerometers  and,  therefore,  cannot  be  measured  with  any  degree  of 
confidence. 

Figures  2d  through  32  represent  recordings  of  Kistler  piezoelectric  blast  gauge  data;  on  all  four 
of  . .ese  figures  the  small  timing  pulses  are  milliseconds. 


T ABLE  4.  Summary  of  Event  Times  in  Milliseconds. 

Time'i  are  based  on  zeo  time  identified  by  ionization  probe  inside  donor  magazine. 


Event 

"T 

— r 

Igloo  A ] 

Igloo  B 1 

Igloo  C 
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Igloo  D ] 

Igloo  E 

Arrival  of  main  blast  at  ground  Kutlpr  gauge-.;.  CL  of 

igloo  

40.5 

41 

93.5 

81 

73 

Arrival  of  main  blast  at  heaUsvall  Kn.lar  gauges  lav.) 

40 

40.7 

91  7 

80.5 

72.2 

First  response  from  linear  motion  transduceu  (av  ) . 

81.2 

90. 2 

First  response  ♦rom  single  axis  .iccel"! oineters 
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4b 

46 
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46 

47° 

1 

Rear  veMical  position 

i 

4 7 : 

. L 

49  j 

i • • • ; 

i 

a 8 U above  horizontal  rather  than  it  45  df%. 
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1 TGtjRE  30.  Kistlcr  Piezoelectric  Blast  Gauge  Data.  Time  of  blast  arrival  versus  peak 
overpressure.  Gauges  located  to  the  rear  of  the  donor  igloo. 
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I Ktl'RI  33.  (visitor  Pie/ivleetne  Blast  Gauge  Dai..'  I nnc  of  Mast  arrival  versa'  peak 
overpressure.  Gauges  I...  ,tiot1  in  (he  ru’iil  headwall  nf  vavh  igloo. 


MOTION- TIC  TUR1  PHOTOGRAPHY 
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General 

The  blast  gauge  instrumentation  consisted  of  two  basically  different  types  of  gauges:  (1)  BRL 
self-recording  mechanical  gauges  placed  at  distances  ranging  from  660  to  3,526  feet  from  the  donor 
center  and  (2)  Kistler  piezoelectric  gauges,  which  have  greater  frequency-response  characteristics, 
placed  in  the  headwalls  of  the  magazines,  in  the  ground  in  front  of  the  igloo  headwalls,  and  in  the 
ground  ever  the  arches  of  Igloos  A and  B.  Tables  6 and  7 piesent  data  from  BRL  mechanical  and 
ICistler  piezoelectric  gauges. 


TABLE  6 Ear-Field  BRL  Gauge  Data 
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j psi-msec'1 

Duration, 

msec 

j Direct 
! reading  ; 

Machine 

extrapolation 

1 

Sum  . ■ • . j 

660 

! 5 5 

6 34 

72.51* 

77.51  * 

e.,,1 

660 

I 6-6 

Fast  . . i 

1.370 

! 2.4  j 

7 40 

187.74 

202.13 

Fast  . . j 

1.370 

I 1 R j 

Southwest 

660 

*)!.<>  ; 
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TABLE  7.  Near-Field  Kistler  Gauge  Data. 


Gauge  position 

Horizontal  distribution 
from  geometric  center 

Time  of 
1 blast  arrival. 

[ Peak  overpressure, 
| P*» 

Impulte, 

of  donor  igloo,  ft 

msec 
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40.5 
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47.5 

40 

... 

593.1 

Igloo  A,  headwall  south  

1 1 1 

34 

75 

61 5,6 

Igloo  3,  he» < wall  north  

111 

34 

55 

599.6 

Iqloo  A.  cov^r  30NJ  

144 

58 

40 

; 

483.7 

Igloo  B,  co  /■€'  30S^  

144 

Igloo  A,  cover  10NJ  

124 

49.5 

78 

621.6 

Iqloo  B,  cover  lOS^  

124 

51 

85 

642 

Igloo  A,  cover  10S^ 

K>4 

42.5 

80 

529.4 

Igloo  B,  cover  10N^  

104 

44 

95 

Su6.4 

Igloo  A,  cover  20S^ 

04 

Igioo  B,  cover  20 N°  

94 

40.5 

165 

661.5 

jqloo  A,  cover  40S^  

74 

33.5 

110 

igloo  H,  cover  40N*1 

74 

35 

120 

803.7 

igloo  A ground  . . 

204 

89.5 

56 

626.5 

Igloo  B , ground  60S^  ... 

1 74 

75 

50 

652 

Igloo  0.  i*qht  he.idwall 

281 

86 

75 

517.3 

Igloo  C Ip' ' he.nl wall  

2 79 

92 

.326  ’ 

Igloo  1).  ground  Cl  . . . 

767 

80.5.  81.5 

25 

70 

806  6 

Iglor  C,  lJ»0».ifHl  CL 

2 70 

93.  04 

46 

1 15 

886,0 

Ig'oo  C . > ■ i.jh  i he.tdw&U 
Iqloo  ! ) 1 * t he.nl  wall 

265 

y 

Hrt.h 

;s 

«>5 

79 

891 

lijloo  \ . VO  he.rthv.il! 

1 K) 

/ti 

150 

; .25/  r> 

Igliu > 1 0*  jmjimI  L 

2>>H 

73  5.  73  5 

75 

1 HO 

1.101  4 

l«ih.»- » I . » iqh  1 he.<i1v7.i!  1 

y.K) 

KH..i 

MV. 

1 ,552.5 

D.wuu  106*  1 

^ 4t> 

4B 

h h 

MS 

l it'll  ! ><  1*111* 

IB  1 

M 

1 

548.4 

1 76  r 1 

.’if; 

HO  h 

40 

1 , ; ' <> 

“ » »'!•*  Ml  H of  thf  t I’ll  Te>  1 ‘ 1 H*  O* 

1 »‘f.* ' M.m'li  . e ihe  » i-n  !f«  Imr  . . 

1 t*t*!  !t>  *he  <»*.»'  t'1  !h«*  <lo»u'»  1 

'.Hj.i/iMt*.  me.ttu'fd  i'(»m 

the  't*.V  w.il  l of 

rh«*  'ill  i>i> 

H K 1 i.llllH's 


1 

\ 1 t > 1 ! 1 1 HR  1 .1 ! ».* 

woven  in  1 .ihlt* 

0 1 he 

\ or.ipuU* 

Pi  UK1  ? c 

. Pills 

iuiiUUO 

(!)  f .i5ul.ii ion.  o'  i!u*  > 

•\.*f  piCssilll1  .1  Mvl 

inpulsi’ 

vrisiis  tunc  .iini  i ' ) \ 

'll.  In  m'  'in- 

vl.l-.l 

U-IM.'S 

: 'hliMlc!' 

d.U.»  5* 

. M ,w 

ih..-  ' ! 

MRI  k-..iiLVN 

1"  .u!v.!’MOn 

i 5 

'■flOl'U-' 

i hi  . >vr  ; p? r o.‘i  rt*  v 

111  VC  t’P 

,i  •5'imlt'w’ 

i r i!  In  mu  v .ill* 

.Hu!  5'  f'h!  .i 

h'.p.l 

I’.MM's  5: 

' m'  ! i ’ !hr  , in  .r  p ■ • * • l : i ! 1 ;• 

)•.!  .il>  r V ! 'I  ll  li 

■ n ‘ » » . i* 

(.*  h: ••-(.*  5 

<i  ili’icrnmn 

i p ! 1 1 c*  ' ? U *s 1 

l kfi\ 

S''ll!i'  1 ikMHt-  •’  s 

mk!i  p 

l.n  (hr 

> pfuvt’ilu 

If  VV  .1 '«  ih.’MV 

nf-l  lu  iihitiii 

• 1 hr 

t(5  ? , . r 

,5  • a i cm  v mp.o  5\  ( ! ■ o H t v i 

W*  liiv’CN  .0  Oil*  V . 

iilil’V'  C»ik' 

.»!  ill.' 

' Ili5  k vv  .WC 

» 4»awwgWHiBg»<0^  -WS*  jfa. 


NWC  TP  5771 


i EXTRAPOLATCO  Pf  A (' 
! DURATION. 


I K.l'Rl  W.  ( oMipu:t‘i  P!  >*  ot  trailing  ! d>ji*  ol  Overpressure  Curve  ! roni  HR*. 
ii\uvv  T\v 

Similarly,  the  computer  plotted  t!ie  (railing  edge  of  (lie  positive  phase  oh  the  ovetptessme  curve 
on  a semileganlhnuc  scale  and  lined  a stiaigiil  line  to  it.  permitting  exirar .datum  to  the  most  likely 
positive-phase  duration  (I  iguio  !'M,  Hie  piogiam  also  included  th*'  c-aopu  1 1 ion  of  impulse  ’used  on 
these  exliapolations. 
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TABLE  8.  Igloo  Headwoll  Permanent  Displacement  in  F»st. 

A negative  value  indicates  headvvall  displacement  toward  the  donor;  a positive  value  indicates 


disp'acement  away  from  the  do  ior. 


Igloo  A 

Igloo  C 

Igloo  D 

Igloo  L-. 

[T — — 

Station 

Igloo  A 

Igloo  C 

Igloo  D 

Igloo  E 

-0.57 

0.00 

0.26 

0.18 

19 

-0.25 

0.21 

0.06 

0.73 

.60 

.01 

.25 

-.12 

20 

-.29 

.40 

- .00 

0.90 
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.02 

-.23 

.01 

21 

-.32 

.26 

- .02 

0.73 

.63 

.04 

-.20 

01 

22 

-.41 

.17 
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0.23 

- 69 

.09 

-.22 

- 03 

73 

-.61 

.18 

-.16 

-0.21 

.77 

10 

.20 

.1 1 

24 

.19 

.10 

,15 

0.03 

.62 

.14 

.2? 

-.25 

25 

-14 

.19 

-.10 

0.58 

.87 

.14 

.24 

.54 

26 

.29 

-.06 

0.9S 

.85 

.13 

.26 

.58 

27 

.18 

.35 

-.03 

1.17 

| -.46 

,o:> 

-.22 

.03 

28 

-.20 

.24 

-.07 

0.49 

| .42 

.13 

-.18 

.14 

29 

-.23 

.17 

-.12 

-0.08 

; -.42 

.19 

.14 

.28 

30 

-.01 

.09 

-.11 

-0.01 

I • 48 

.19 

.13 

.27 

31 

-.02 

■’1 

-.1 7 

0.01 

.53 

.19 

.1? 

.23 

32 

,0.7 

.17 

1 1 

0.13 

1 .62 

.15 

-.If: 

.02 

33 

.04 

.16 

-.ry 

1 .47 

1 .69 
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34 

.05 

.18 
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C.,34 

! 33 

09 

-.19 

- 03 

35 

0 02 
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0.09 

0.15 

1 .'PA1 

0 17 

0.13 

0 33 
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TABLE  'J.  Igloo  B Permanent  Headwall  Displacement  in  Fett. 

4 nag* r>ve  value  m.iicates  heecJwill  displacement  tov,at>J  the  donor.  a posii 
hcates  di&piacement  a*vay  from  the  donor. 
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TABLE  10.  Steel  Arch  Movement,  Feet. 


Positive  values  indicate  movement  toward  center  ot  arch;  negative 
vaii-.es.  away  from  jrch  center. 


"t  uaaaiwyiieommwmm 

Igloo  j Position 

I Forward  one  quarts 
' position 

| Midsection 

Rear  one-quartjr 
position 

Movement  Relative  to  Centerline  of  Igloo  Floor 

a 

i 

r 

0.48 

0.66 

C.45 

2 

0.11 

0.22 

0.17 

3 vert  CL 

-0.19 

-0.38 

-0.33 

4 

0.03 

0.01 

-0.06 

5 

0 16 

0.20 

0.13 

A 

1 

0 .06 

0.11 

0.1 1 

7 

0.08 

0.13 

0.22 

3 vert  CL 

0.36 

0.47 

0.60 

4 

0.91 

1.07 

1.11 

5 

1.08 

1.10 

0.97 

Absolute  Movement 


| 

0.32 

0.49 

0.33 

2 

0.16 

-0.06 

0.04 

3 vert  Cl. 

0.51 

-0.72 

-0.57 

4 

0.30 

-0.29 

0.27 

b 

0.00 

0.03 

0.01 

1 

0.00 

0.04 

0.04 

? 

-0.07 

0.01 

0.10 

3 vert  CL 

0.24 

0.33 

0.46 

4 

0.81 

0.95 

0.99 

r, 

1 .02 

l_L03 

0.90 
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Arch  deformations  were  measured  at  a minimum  of  five  positions  each  (Figure  47)  at  the 
forward  one-quarter  (20  feet  in  from  the  headwail),  midsection  or  40  feet  in,  and  60  feet  in  at  the 
rear  one-quarter  section  of  Igloos  A and  B.  Table  10  shows  arch  movement  at  these  preselected 
points.  Note  that  the  movement  is  shown  in  absolute  terms  as  well  as  relative  to  floor  movement. 
Arch  movements  at  points  of  maximum  deformation  are  illustrated  in  Figure  48.  Since  these 
positions  were  not  measured  before  the  blast,  the  measurements  are  less  reliable  than  those  shown  in 
Table  10. 


BLAST 

SIDE 


| 

I 

S 


□ LAST 
SIDE 


I Kit’RF  4 7.  Position  Key  for  Measurement  of  Arch  Deformation. 


IGLOO  A 


IGLOO  B 


I !C  > t RK  4H.  Maximum  Static  Arch  Movements  at  Blast  Side  of  Arch.  Movements  a! 
ci>rrcspufl<Jittp  positions  on  leeward  side  are  also  shown. 
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CONCLUSIONS 


The  primary  test  objective,  the  qualification  of  the  ova)  steel  arch  igloo  at  the  1.25  X W1^ 
minimum  side-to-side  spacing,  was  fulfilled.  Igloo  B.  the  ova!  steel  arch  igloo,  withstood  the  donor 
explosion  effects  very  well.  It  is  considered  that  ali  components  of  this  structure  would  have 
provided  ample  protection  to  explosive  contents  in  the  orientation  tested. 

ESKIMO  IV,  the  next  in  the  test  series,  will  test  the  resistance  of  the  ESKIMO  III  Igloo  B 
headwal!  and  door  combination  to  face-on  blast  loading  that  duplicates  that  from  the  detonation  of 
the  contents  of  a close  (at  the  minimum  froni-to-rear  distance  now  permitted  by  standards)  magazine 
that  is  filled  with  mass-detonating  ammunition. 

The  light-gauge,  deeply  corrugated  arch  tes'ed  in  Igloo  A also  withstood  the  blast  at  the  1.25  X 
Wi/3  side-to-side  spacing.  However,  the  degree  of  damage  was  considerably  more  extensive  and  arch 
distortion  was  greater  than  in  Igloo  B.  It  is  considered  that  the  arch  structure  would  have  provided 
adequate  protection  against  explosion  communication  for  common  explosive  stores.  The  most 
hazardous  response  in  this  igloo  was  the  inward  motion  of  the  door;  however,  this,  too,  was  at  low 
velocity  and  of  marginal  significance.  This  door  action  was  unrelated  to  the  response  of  the  arch. 

The  single-leaf  sliding  door  installed  in  the  existing  headwall  of  Igloo  C at  2.75  X W’T1 
withstood  the  blast  with  little  apparent  damage  or  deformation.  The  damage  experienced  by  the 
headwall.  although  readily  visible,  would  not  have  provided  a significant  explosion  hazard  to  the 
magazine  contents.  The  single-leaf  sliding  door  appears  to  be  an  acceptable  improvement  to  existing 
igloos. 

The  two-leaf  hinged  door  on  Igloo  D responded  (o  the  blast  by  moving  inward  at  velocities 
believed  to  have  been  sufficiently  low  to  prevent  explosion  damage  to  magazine  contents;  however, 
the  door  performance  is  considered  marginal.  The  headwall  of  Igloo  D.  while  maintaining  some 
damage,  did  not  appear  to  represent  a hazard.  The  test  results  as  a whole  do  not  appear  to  justify  a 
relaxation  in  existing  standards  for  the  special  case  represented  hv  the  orientation  of  Igloo  D. 

The  response  of  the  headwal!  and  door  in  Igloo  E was  clearly  unsatisfactory  and  provided  no 
reason  for  reducing  the  present  6 X W1'1  separation  distance  now  specified  for  this  orientation  and 
condition. 

Results  and  genera!  conclusions  from  the  study  of  the  effects  of  blast  on  the  window  test 
vehicles  and  cubicles  are  described  in  Appendix  B.  In  general,  the  test  suppoited  the  l IS. 
inhabited-building  distance  standards  and  the  U.S.  public  highway  separation  distances. 
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Appendix  A 

CONSTRICTION  INFORMATION 


Igloos  B,  C.  D.  and  E remained  from  earlier  tests.  Igloo  A and  the  donor  igloo  were 
constructed  for  this  test.  New  headwalls  were  built  for  Igloos  B.  D.  and  F.  at  about  the  same  time  as 
for  the  donor  and  for  Igloo  A.  Table  A-l  summarizes  the  arch,  headwall,  and  door  designs  for  each 
igloo. 

Table  A-2  contains  the  sieve  analysis  of  the  fill  material  used  around  Igloo  A and  the  donor 
The  depths  given  are  beneath  the  normal  ground  level  at  the  location  where  the  fill  was  collected. 
The  earth  appeared  to  change  consistency  at  a depth  of  abou'  s feet,  but  analysis  showed  it  to 
consist  of  smaller  pieces  of  the  same  nonplastic  materials  present  at  higher  levels,  silty  sand  and 
sand-silt  mixtures. 

Table  A -3  reports  the  tested  densities  of  the  til!  material  around  Igloo  A and  the  donor,  and 
Table  A4  summarizes  the  results  of  tests  for  concrete  compressive  stieugth  made  on  sample  cylinders 
poured  from  the  same  batches  of  concrete  that  were  used  to  construct  the  test  igloos. 


Backfill  Procedures  Used  for  Igloo  A and  the  Donor  Igloo 

fill  was  placed  in  I -foot-deep  last  is.  then  compacted  with  a sheeps  loot  roller  (which  was  kept 

at  least  4 feet  from  the  arches)  and  a -.teel  dium  roller  until  it  reached  height  of  it)  feel  above  the 

finished  floor  ot  the  igloos.  At  this  point  lit  the  fill  operation,  the  coi'ugated  steel  arch  began  lo 
detori’:  ami  lire  root  to  r.se. 

The  remainder  ot  rlrc  Id!  was  then  placed  wi'ti  equipment  having  a gross  weight  ot  o tons  and 

was  compacted  with  a s!eel  drum  roller  having  a gross  weight  ol  Ions  lire  14-gauge  deeph 

corrugated  arch  with  side  fill  in  place  will  support  these  weights  with  no  damage. 

I he  masnnnm  detoimation  in  height  ot  Igloo  \ was  1 inch  Alter  the  filling  operation  was 
completed,  this  stabilized  lo  3 1 inch.  The  maximum  delormation  in  heigh!  ol  the  donor  igloo  was 
14  mill.  Alter  the  filling  operation  was  o "iplete  I,  this  stabilized  lo  1/3  inch 


4 1 


Ijuita 
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TABLE  A-1.  Igloo  Construction. 


Igloo 

: ~ 

Length, 

ft 

Steel  arch,  floor,  rear  wall, 
and  earth  cover 

Door  and  door  drawing 

Headwall  and  headwall 
drawing 

A end 
d'  nor 

80 

All  new  construction,  deep 
corrugated  14-gauge  steel 

arch. 

Hinged,  two-l  eaf-same  as 
ESKIMO  1,  OCE*  Std  Dwg. 
33-15-64. 

Same  as  ESKIMO  1,  OCE  Std. 
Dwg.  33-15-64. 

B 

80 

Remaining  from  ESKIMO  II. 
Steel  arch  is  1 gauge  and  of 
nOncircular  cross  section. 

Single-leaf,  sliding,  horizontally 
spanning  door. 

Modified  Stradlev  type. 

C 

59 

Remaining  from  1963  Igloo 
Separation  Tests.  1-gauge 
circular  arch. 

Single-leaf,  sliding,  horizontally 
spanning  door. 

Remainir^g  from  1963.  Similar 
to  ESKIMO  1 with  slight 
modification  to  accept  the 
sliding  door. 

0 

10 

( 

Remaining  from  ESKIMO  It 
1 gauge  circular  arch 

Hinged,  two-leaf  -same  as 
ESKIMO  1,  OCE  Std  Dwg 
33-15-64. 

Same  as  ESKIMO  1,  OCE  Std 
Dwg.  33-15-64 

E 

20 

1 

Remaining  from  ESKIMO  1 
and  II.  1 -gauge  circular  arch 

i 

Hinged,  two-leaf- same  as 
ESKIMO  1.  OCE  Std  Dwg 
33-15-64. 

Same  as  ESKIMO  1.  OCE  Std 
Dwg  33-15-64 

0 OCE,  Office  of  the  Chief  of  Engineers 


TABLE  A 2.  Sieve  Analysis  of  Sand  Silt  Pill  Material 


Steve  size 

Cumulative  % 
passing 

Sample  Depth,  1 1'  t 

No.  200  

12.3 

No  ICO 

22  2 

No  50 

3 7 1 

No.  30 

4/9 

No.  '6 

98  2 

No  8 

(>:t  o 

No  4 

74  3 

3/8  in. 

8H  3 

1 12  uv 

99  3 

3/4  m. 

95  3 

Sample  Depth  5 f \ 

* 

1 

14  1 

No.  100 

:a  h 

No  50 

40  1 

No  30 

50.9 

No.  16 

58  7 

No  8 

6H  6 

No  A 

80  3 

3/8  in 

“4  6 

1/2  in 

9/ 

8 /4  m 

1 uo 
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TABLE  A*3.  Density  Report,  Fill  Material. 


Depth  above 

Field 

In-place 

density. 

Lab 

finished 

Date 

moisture. 

moisture. 

floor,  ft 

% 

% 

Location 


Lab 

density. 


Percent 

compaction 


Igloo  A 


Back 

South  side 
North  side 
North  side 
South  side 


North  side 
South  side 
North  side 
CL  front 
CL  middle 
CL-  back 


North  side 

4 

4-10-74 

8.5 

121.5 

South  side 

4 

4-10'  74 

7.6 

120.2 

North  side 

5 

4-11-74 

8.5 

124.0 

South  side 

6 

4-11-74 

11.2 

124.0 

North  side 

7 

4-11-74 

10.3 

121.6 

South  side 

7 

4-11-74 

11.2 

120.8 

South  side 

10 

4-12-74 

9.7 

124.0 

North  side 

10 

4-12-74 

8,7 

1 19.1 

South  side  . . 

1 1 

4 15-74 

9.0 

124,0 

North  side 

1 1 

4 15-74 

8.6 

123.0 
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TABLE  A -4.  Concrete  Compressive  Strength,  ESKIMO  II!  Test  Structures, 


Class  of  Age  at  Compressive 

concrete  test,  days  strength,  psi 


Igloo 

1 

Location  in 
structure 

t r r 

Donor 

North  and  south  footing 

E 

Front  wall 

Donor 

Floor 

A 

North  and  south  footing  t 

i 

I i 

i 

i 

i 

i • 

i 

! 

i 

l 

t 

Front  waO 

! 

i a 

i 

| 

Fast  anti  west  footing  j 

i 

1 Do  not 
| 

1 

j 

i 

H.it.k  wall 

1 

i 

i Donor 
| 

1 

F i on T wall 

i 

i 

i A 
1 

1 

i 

i 

M.h  ^ wal' 

| 

A 

1 font  wa*i 

EM  3,000  psi 


E l 3,000  psi 


C-  1 4,000  psi 


f 1 3.000  ps> 


! t 1 1.000  ps.*' 


\ \ 3.000  psi 


f t t OOO  ps 


t '.ilrn.-m  . hi,  w K tr  ■ 
t ylitsilrtrs  we***  ?*» 
t\  i O'  T?  T I * sf  J*tf  i II 


•\M, mi  t »•< ! «,  vve»  r t ■ 
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Appendix  B 

AIRBLAST  EFFECTS  ON  WINDOWS  IN  BUILDINGS  AND 
AUTOMOBILES  ON  THE  ESKIMO  III  EVENT 


Appendix  B,  a Lovelace  Foundation  report  that  complements  the  ESKIMO  HI  report,  is 
presented  here  with  minor  editorial  changes.  Tables  and  figures  enclosed  herein  are  facsimile 
reproductions  of  those  in  the  Lovelace  report. 


Preceding  page  blank 
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A1RBLAST  EFFECTS  ON  WINDOWS  IN 
BUILDINGS  AND  AUTOMOBILES 
ON  THE  ESKIMO  III  EVENT 


Li.  R.  Fletcher,  D.  R.  Richmond,  and  D.  W.  Richmond 
Lovelace  Foun  '.at ion  for  Medical  Education  and  Research 
Albuquerque,  New  Viexico  87103 


INTRODUCTION 


Objectives 

Tilt-  objectives  of  this  project  were: 

I.  to  determine  the  velocities,  masses,  and  spatial  densities  of  the  fragments  from  thru.' 
types  of  standard  plate-glass  windows  mounted  in  closed,  cubical  structures  at  three 
ranges  from  ground  zero. 

i.\  to  determine  the  same  quantities  lor  window  fragments  inside  three  automobiles,  one 
oriented  side-on  ami  two  onenied  head-on  !>  ground  zero: 

V to  document  the  window  damage  in  ten  automobiles  located  at  three  ground  range-: 

■L  10  stiul  v the  response  of  a clothed  an'ltiopoinorphic  dummy  (a)  stand  me  behind  one 
of  the  plate-glass  windows  and  (hi  sitting  in  an  automobile:  and 
s to  estimate  the  liazaids  to  ■ >v a iipants  <o  buildings  and  automobiles  exposed  to  similar 
levels  ot  an  blast 


B tukeromid 


In  o' dcr  to  assess  ihe  1 1\ me  glass  hazard  to  occupants  ot  buildings,  houses,  mu  .ui'omohdi's  ill 
the  vumilv  o'  .1  >;  explosion.  11  1,  neioss.nv  lo  have  inlonnalinn  eoncemmg  : ho  . h oacte : i>: a -,  so? 
Irai'im-n's  iru'ii  windows  hioken  In  junlast.  Kefeience  I describes  seveial  expviinnm.s  rood  in  .eo 
r i'1  lire  past  .’I)  ve.iis.  vshieh  pioiide  data  tor  .1  limited  nunioei  o<  window  ivpes  and  eonjuions  o! 
■so. mire  More  resends  a stride  was  mideitaken  duiing  'in  I NKIMO  II  (esi  1 1 ■ which  Id  l*  ton-  ot 
■xplosive  In.nen.d  was  de'o'lal'il  .11  the  Naval  VVeap  mis  ( enter  China  lake,  ("ahloima  ul  May  a 


l*i  ,1  1 s’i  r ss  wtndi *w s ot  ! lire 


designs  were  placed  nr  vid 


OMCtuies  al 


we  ivessmi'  'o els  beiweon  0 ' mid  t>  s psi.  and  k "in cut  10n.1l  ."atomohiles  were  positioned  tiom  (I  t 
o I ' w.i  hr  I SKIMO  III  test  m wieled  an  oppi ".  Muds  to  evaluate  the  etlei's  o!  vieki  hv  e'-nosme 
inula'  pl.i'e  class  windows  and  .mi  'mobiles  'o  approxiht.'.lvlv  lire  same  oveipresviiies  m he  skimlv 


w inuow 
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PROCEDURE 


Modules 


Ten  'Moot  cubical  boxes  called  modules  (used  previously  on  i he  ESKIMO  II  test)  were 
positioned  along  the  northwest  radial  by  China  Lake  personnel.  Three  modules  abutted  one  another 
at  the  5,‘>d0-toot  range,  three  at  3.950  ieet.  and  tour  at  .1.525  feet  (see  Figure  I).  The  only 
openings  into  each  module  were  a hole  where  a window  was  mounted  and  an  access  door  which  was 
c'osed  during  the  blast.  Ml  of  the  windows  faced  ground  zero. 


Windows 

The  three  types  of  windows  used  on  the  ESKIMO  !I  and  III  tests  are  shown  at  the  bottom  of 
Table  !.  Types  Wl  and  W 7.  designated  as  projected  and  horizontal-sliding,  respectively,  are 
Lommercial  tyne  windows  usee!  extensively  u>  government  buildings  and  comply  with,  but  do  not 
exceed,  the  Architectural  Alumin  .to  Manufacuiiers  Associ:t‘i<m  (A  AM  A)  specifications.  The  Type  W3 
window  walls  were  mounted  m a i-  oprenc  structural  gasket  swem  used  u,  f ederal  office  buildings 
but  no  AAMA  specifications  are  ••vatlable.  Thiee  Type  Wl.  'mu  Type  W7.  anil  three  Type  W,1 
windows  were  mounted  one  eaclt  in  the  ten  modules.  One  window  ot  each  t\  pe  was  tested  at  three 
ranges.  The  additional  Type  V .1  window  was  'ocated  at  the  3. ‘'75-foot  range.  I lie  panes  wete  spray 
painted  different  colors  to  aid  t.i  olt.i hying  the  sources  ot  the  tupped  fragments  (see  T able  It 


Automobiles 

light  automobile*  were  exposed  side -mi  'o  the  blast,  toe  at  a range  id  7.1  IS  ieet,  (wo  at 
.'.(>30  Ieet,  and  one  at  C,;M)  teet  (see  figure  I i.  I wo  asidition.il  automobiles  were  exposed  head-on 
at  a ranee  oi  7 II*  teet 


Ktv roloain 


A Siv!i»UMin  witness  w r>  nnnm-f-l  «»»•  flic  'if>Hle  b.u  k w.ill  -if  nine  ;*i  the  imutuh's  m sin 

.it  trmp!  !«>  fi.tp  i'I.iss  i!  I ? i«*  v.  i iu!  •.  i Vs.  v.  is  1 i ' k * * n h \ the  hhis'  w.ive  Inc  witness  phi'.'s  wt'ic 

kil'Mt  lei!  a ! flu’  he  ) i 'imii.u  ;*  >n  tis  me  l<  w\  ilenMi  •»  Sj\ihU\im!  < * V’.i'  M •.l:,\vr  iiu’ti  in  KeteitT.ee 

I >vUlc.nl  in  1 n).  i\  plywood  kul!  witness  phite  nn  huicj  uve  pnn.es  ot  Niyi'to.iiu  x,u.h  (;U  nuhes 

If  mi,  k'  in v.  h-/*-  Vvuie  .iiul  ti  mu  lies  thick  In  mi  li  nnivhiir  tin.  dist.une  !'\'m  -he  winds -w  to  the 
‘irfin'e  <d  the  Sr  v lofo.nu  wk  ,‘ppn1  \ in:  r !\  S-1  ttn.hes  Nm;mI.ii  bni  sTM.dk'i  vvi’ni'V  phi'es,  euh 
oMtl.iimit)'  "in4  pieiO  ‘if  St \ * i >•  stiiti . ' ' iih.lie-  hi  eh  V'  inches  wide.  ,md  <■  inihe-  thiik.  were  tooimied 
.n  the  .uiKUiMhiVv  One  witness  pl.ife  w.ts  ;nd. tiled  in  . i - - n unc  'mm  \!  one  m A',  ,nn!  ! vs  i > in  VJ 
s,:,;h  th.it  St »,  • » »f .! nui  w .is  v>  .lit'-t  ippr» 1 M’li.itcls  ' m.  hex  !n  !.n:  i euh  «*f  the  vviiiloi'.s  whn  h Mias’! 
» ■ i * i ! : • /o*  ’ f»  n'fs*  ti  vein-  Its.  1 .(hhtoHoM  !•-».  hi'-.  Jiies  V'.*„  ! died  in  I\c  !e  '■  e:u  e ’ wete  psed.  *o 
neveh'p  f.,t  d:  i .innnine  tin  vf|<vii\  > t meineM  •:>•»!;  Ms  ns.iss  .hk!  the  v-.d.nue  ( he 

niltMeS.lf!*  : !ti  ! hi  Ml  h':C  'H 
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TABLE  I 

DESCRIPTION  OF  THE  WINDOWS  IN  THE  MODULES 


Parameters  for  Individual  Panes 


Window 

Width, 

height , 

Type  of 

Type 

Number 

Color* 

in . 

in  . 

Glass 

Frame  Type 

PI 

Copper 

45 

4 5 

Plate 

Fixed 

P2 

Green 

45 

45 

Plate 

Fixed 

W1 

P3 

Silver 

4 7 

20 

Sheet 

Top  Opening 

P4 

Black 

42 

20 

Shee  t 

Top  Opening 

PI 

Copper 

34 

48 

Sheet 

Horizontal  Sliding 

W2 

P2 

Green 

34 

48 

Plate 

Fixed 

PI 

Copper 

48 

90 

Plate 

Fixed 

W3 

P2 

Green 

. 

48 

90 

Platt' 

F i xed 

) 

* A thin  coat  of  paint  was  sprayed  on  both  sides  of  each  pane. 


FRONT  VIEW  OF  THREE  MODULES  INDICATING 
WINDOW  TYPE  AND  PANE  NUMBERS 


W 1 

PROJECTED  WINDOW 


W2 

HOIUZONTAL- 
SI,  I DING  WINDOW 


W3 

WINDOW  WALL 


NWC  TP  5771 


Dummies 

Two  anthropomorphic  dummies  attired  in  summer  civilian  clothing  were  supplied  by  the 
Lovelace  Foundation  for  this  test.  One  of  the  dummies  was  standing  35  inches  behind  pane  P2  in 
the  B4  module  at  3,525  feet.  This  module  did  not  contain  any  Styrofoam  witness  plates.  The 
dummy  faced  the  window  with  his  chest  resting  lightly  against  a narrow  metal  rod  intended  to 
stabilize  his  position  prior  to  shock  arrival  while  not  interfering  with  subsequent  possible  blast 
displacement.  The  other  dummy  was  secured  by  means  of  a lap  seat  belt  in  the  driver’s  seat  of  a 
left-side  on  station  wagon,  A3,  located  a!  2115  feet  on  the  northwest  radial. 


Cameras 

Two  high-speed  (400  frames  per  second)  motion-picture  cameras  were  used  by  China  Lake 
personnel  to  record  the  responses  of  the  two  dummies.  A reference  giid  was  painted  on  the  portion 
of  the  module  wall  in  the  field  of  view  of  the  camera  in  order  to  facilitate  velocity  determinations 
for  the  glass  fragments  and  the  dummy. 


Overpressure  Gauges 

Fight  self-recording  BRL  mechanical  gauges,  supplied  by  China  Lake,  were  positioned,  two  each, 
at  the  3.525-,  2,630-,  and  2,115-foot  ranges  on  the  northwest  radial  and  at  the  2,115-foot  range  on 
the  southwest  radial.  Additional  gauges  were  located  at  closer  ranges. 


RESULTS  AND  DISCUSSION 


General 

AH  of  'he  modules  lernamed  structurally  intact  and  none  of  the  Styrofoam  witness  plates  were 
damaged  ot  displaced  *>v  the  blast  experience.  A total  o!  29<i  fragments  were  trapped  fioni  the  IS  of 
36  exposed  panes  win.  n broke.  Window  damage  was  noted  in  foui  of  the  ten  automobiles  on  the 
las  t.  but  none  ot  tile  wnniows  burke  in  front  ot  the  witness  plates  Dummy  and  glass  lesponses 
w.*i  satisfactorily  documented  with  both  motion  picture  cameras,  (rood  pressure-time  records  were 
obtained  tioin  most  ot  the  gauges.  In  general,  the  average  measured  peak  incident  overpressures  were 
close  to  the  predicted  values  as  given  m figure  I tor  the  five  ranges  ot  inter,  st.  The  average 
measuied  oscipressute  was  (MU)  psi  at  '.V’s  feet  (0  6 predicted),  0.0?  psi  at  2,630  fee ( (0.0 
prediCed!.  and  I 3S  psi  at  7.11''  feet  (1  7 pu'd.cied) 


Windows  in  Modules 

I lie  panes  ot  glass  e"  posed  m the  modules  are  listed  m 1 able  II  along  with  such 

intoniialion  as  glass  thickness,  whethrt  oi  not  the  pane  broke,  and  the  number  ot  fragments  trapped 


MC.URI  >.  Poslshoi  View  of  (from  left  to  Ki>;h  t ) Module*  B5.  B6,  and  B7. 


Eiglit  of  the  fen  panes  at  3.525  feet,  seven  of  the  eight  panes  at  3,450  feel,  and  three  of  the  eight 
panes  at  5,420  feet  broke.  As  expected,  only  a portion  of  the  glass  from  the  broken  panes  was 
actually  trapped.  This  is  indicated  by  the  amount  of  glass  left  in  the  frames  and  the  number  of 
fragments  on  the  floor  below  the  Styrofoam  as  shown  in  Figure  2,  a postshot  view  of  the  modules 
at  3,450  feet.  Table  II  also  contains  the  predicted  peak  incident  overpressure.  P;;  the  calculated 
(using  P;)  peak  overpressure  in  the  reflected  wave  at  the  front  of  the  modules,  Pr;  and  the  predicted 
duration  of  the  positive  phase  of  the  incident  overpressure,  t 


Masses  and  Velocities  of  Fragments 

The  masses  and  velocities  were  determined  by  procedures  described  in  Reference  3 for  all  but 
24  fragments  which  struck  so  close  to  other  fragments  that  the  measured  volumes  of  the  impressions 
in  the  Stvrofoam  weie  suspect.  As  m the  past,  it  was  noted  that  lor  each  pane  an  approximately 
linear  relationship  existed  between  the  logarithms  of  the  velocities  and  the  logarithms  ol  the  masses 
ol  the  fiaginenls  A leastsinrau’s  lineal  regression  analysis  was  perlornied  tor  each  pane  and  the 
icsiilts  appeal  in  fable  II  where  VSi,  and  Mn0  are  the  geometric  mean  fragment  velocity  and  mass, 
respectively,  b and  I y,  are  the  slope  arid  the  - 1, unlaid  error  m the  slope  of  the  regression  line, 
respectively;  and  !-  is  the  geometric  standard  error  ot  estimate  of  fragment  velocity  In  addition, 

A,,(V  ; the  geomctiii  mean  iroiil.il  area  ot  the  fragments  (calculated  trom  the  density  and  thickness 
..I  the  glass  and  Msl)).  ami  I il|M  and  1 are  the  gconu  iiR  standard  deviation  ol  the  fragment  masses 
and  i 1 1 mt.il  aieas.  respective!*  . 

Il  was  noied  that  the  masses  and  veloeiiies  ol  tiagmenis  limn  panes  ot  jppro\i:natel>  the  same 
line  kiu  w and  located  at  the  same  gu.und  tange  tended  to  he  verv  sirmlai  fhereloie  the  dala  were 
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combined  into  five  groups  (no  1 /X-inrh-thick  fragments  were  trapped  at  5.920  feet)  representing 
panes  approximately  1/4-  or  1/X-mch-thick  located  at  the  .1,525-.  .1,950-.  or  5,920-foot  ground  range. 
These  groups  ate  shown  in  Figures  1 through  7 which  contain  regression  lines  as  well  as  lines  drawn 
one  standard  error  of  estimate  on  either  side  of  the  regression  lines.  The  results  of  the  regression 
analysis  for  each  of  the  five  groups  are  given  m Table  II  where  it  can  be  noted  that  the  mean 
fragment  velocity  estimated  from  the  motion-picture  record  obtained  at  3,525  feet  was  29  ft/sec 

compared  to  37.6  ft/sec  measured  from  the  witness  plate  behind  a similar  pane  in  module  B!  at  the 

same  range. 

Spatial  Densities  of  Fragments 

Ail  296  fragments  were  used  in  computing  the  spatial  densities  of  trapped  fragments  which,  for 
each  pane,  tended  to  be  constant  over  an  area  of  Styrofoam  equal  to  the  si/e  of  the  pane.  This  area 
was,  in  general,  centered  somewhat  below  the  center  of  the  pane  as  a result  of  the  fragments’  having 
fallen  (due  to  gravity)  in  traversing  the  distance  from  the  frame  to  the  Styrofoam.  Likewise,  the 
density  of  trapped  fragments  fm  an  entire  window-  (i.e..  counting  the  fragments  from  all  of  the 
panes)  tended  to  he  approximately  constant  over  an  area  of  Styrofoam  equal  in  si/e  to  the  window 
but  displaced  downward.  The  computed  average  densities  (designated  as  pj  and  ptt  for  the  individual 

panes  and  entire  windows,  respectively)  over  these  areas  of  approximately  constant  density  are  listed 

in  Table  II. 

Comparisons  With  Prior  Data 

In  older  to  make  comparisons  between  the  ESKIMO  I!  and  111  tests  and  prior  experiments,  all 
of  the  data  were  plotted  in  Figures  K thiough  10  which  were  modified  from  Reference  I.  In  these 
figures,  it  can  be  seen  that  the  fiagment  velocities.  Imiita!  areas,  and  densities  for  the  two  ESKIMO 
tes's  were  fairly  consistent,  indicating  that  these  quantities  wcie  not  greatly  dependent  on  the  yield. 
Further,  the  ESKIMO  lest  data  line  up  reasonably  well  with  the  corresponding  values  for  the  prior 
data  when  plotted  against  the  effective  peak  overpressure,  t.e..  the  peak  oveipressuie  on  the  window. 
This  overpressure  was  assumed  to  Ire  I’  for  the  ESKIMO  tesis  since  all  of  the  windows  faced  the 
advancing  Mast  wave.  However.  on  all  three  figures  the  ESKIMO  test  dai:t  tend  to  fall  above  the 
regression  drive  based  on  the  pinu  dam  only.  Unis,  the  I SKI  MO  test  data  suggest  that  in  each  case 
the  shape  ot  the  regression  curve  may  need  to  he  modified  tor  the  lower  overpressures.  In  the  ease 
ol  the  mean  fragment  velocity.  ; It  is  is  probably  because  the  fragments  with  sufficiently  low  velocities 
are  not  likely  to  be  .rapped  in  the  S;vto*i>am. 


Biological  Hazards 

f igures  1 through  7 enni.mi  curves  indicating  the  probability  ot  a fragment's  penetiating  1 cm 
ol  sot t tissue  as  given  in  Kelercme  I It  dm  fie  seen  fiial.  ot  the  ?r>7  tiapped  fragments  lor  which 
masses  and  velocities  aie  available,  only  llnee  had  ai  least  a I .O-fveivent  probability  ot  penetrating  1 
cm  ot  suit  tissue  AM  three  oecuned  at  'he  t.s.'s  tool  i.mge  where  tiaginenis  weie  napped  behind 
eight  panes,  giving  an  aveiape  .>1  about  .me  fiagmeiil  toi  ea.  li  iwo  pain's  with  a Mgintnaiil  (at  least 
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Regression  Curve  (for  prior  data  only): 
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Symbol  Data 
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0 203 

• 

Eskimo  U 

to 

E ski  moUI 

0264 

□ 

nrior 

0.080 

■ 

Es  tamo  11 

to 

Eskimr,jn 

0.128 

Note:  t is  the  glass  thickness 
in  inches 
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! .0  percent)  probability  of  penetrating  1 cm  of  soft  tissue.  The  highest  probability  computed  at  this 
range  was  ! 1 percent.  No  fragments  with  a significant  probability  of  penetrating  1 cm  of  soft,  tissue 
were  caught  behind  the  sixteen  panes  at  the  3,950-  and  5,920-foot  ranges. 

Data  from  two  biological  studies  were  used  to  estimate  the  probability  of  skin  penetrations  by 
fragments  trapped  from  the  windows  in  the  modules.  In  the  first  study  (Reference  5)  glass  fragments 
(0.054  to  1.9  gm)  were  impacted  in  random  orientations,  and  in  the  second  study  plexiglas  fragments 
(1.0  to  100  gm)  were  impacted  point-on.  The  velocity  for  a 50-percent  probability  of  bare-skin 
penetration  varied  from  480  ft /sec  for  a 0.054-gm  fragment  to  33  ft/sec  for  a 100-gm  fragment.  The 
velocity  for  a 1.0-percent  probability  of  bare-skin  penetration  varied  from  200  ft/sec  for  a 0.054-gm 
fragment  to  22  ft /sec  for  a 100-gm  fragment.  Limited  data  from  the  second  study  indicated  that  the 
above  velocities  should  be  increased  by  65  ±15  percent  for  skin  covered  with  two  layers  of  light 
clothing.  Using  the  abom  values,  the  numbers  of  fragments  with  g-  ei  than  a 1.0-  and  50-percent 
probability  of  penetrating  bare  skin  and  skin  covered  with  two  layers  of  light  clothing  were  counted 
in  Figures  5 through  7,  and  the  results  appear  in  Table  III.  Although  some  of  the  assumptions 
needed  to  derive  Table  III  might  be  questioned,  the  values  strongly  suggest  that  a significant  number 
of  skin  penetrations  might  Have  occurred  had  people  been  located  behind  the  windows  in  the 
modules  during  the  ESKIMO  HI  event. 
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Dummy  in  Module 

The  window  pane  (P2)  35  inches  in  front  of  the  dummy  was  not  broken  by  the  blast  wave. 
Ftotn  the  motion-picture  lecord  it  was  determined  that  no  fragment  from  pane  PI,  which  did  break, 
struck  the  dummy  and  that  the  dummy  suffeied  no  displacement  dining  the  blast  experience.  At 
poslsho!  examination,  the  dummy  and  clothing  were  found  to  be  intact. 

TABLE  1 1 I 

PREDICTED  SKIN  PENETRATIONS  BY  FRAGMENTS 
FROM  THE  WINDOWS  IN  THE  MODULES 


Percent  of  Tr 
Willi  Creator 
Probub  i 1 i t y 

1 

upped  Flagmen  t.  s 
Than  A (l%/50%) 
of  Penetrating 

G vt  i und 
Range , 
!'  t 

Predicted  Peak 
Ovurpressuri:  , ps  i 

Avenge 
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Th  i ckiu's.s  , 
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Two  Layers 
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C 1 tr  t h i n g 
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Windows  in  AuiomoJiiies 

The  locations  of  the  automobiles  on  the  layout  are  indicated  in  Figure  1,  and  the  observed 
window  damage  is  given  in  Table  IV  At  2,1  !5  feet  (1.2  psi)  the  most  common  damage  was  to  the 
larger  windows  such  as  the  windshield.  On  the  aveiage,  about  one  window  per  automobile  was 
damaged,  of  which  approximately  ore  half  broke  out  and  one  half  sustained  multiple  cr<  cks  but 
remained  in  place.  The  only  window  damage  sustained  oy  the  two  automobiles  at  2,630  feet  (0.9 
psi)  consisted  o*’  multiple  fractures  of  one  windshield,  i stone  of  the  windows  in  the  automooilc  at 
3,950  feet  (0.5  psi)  were  damaged.  Thee  was  evidence  that  four  automobile  windows  were  broken 


TABUS  IV 

AUTOMOBILE  VTINDC * DAMAGE 


1 Automobile 

Ground  Pj  . j t r~ 


Range , 

ft 

psi 

Or lent at  ion 

Number 

Descript  ion 

Windows  Damaged 

Extent  of  Vlndow  Damage 

Face-On 

Alt 

Peugeot 
St at  ion 
Wagon 

None 

None 

A2-f 

Chevrolet 

Pickup 

None 

None 

A3 

Buick* 
Stat ion 
Wagon 

Windshield 
Left  Rearward** 
Rea  r 

Multiple  fractures 
Intact  but  dislodged 
Partly  broken  out 

A4t 

Dodge 
Slat  ion 
Wagon 

Wicdsh .eld1 
Right  Rear-Door 
Sear 

Completely  broken  out 
Multiple  fractures." 
Completely  broken  out  | 

2115 

1.2 

Left 

Side-On 

A 5 

Dodge 
Fuo  1 
Truck 

Right  Door 

Multiple  fractures  J 

A 6 

VW 

N r ) « » 

None  j 

A 7 

rtamb i «*r 
Stat ion 

Wagon 

None 

Norte 

Lr  f t 
S id** -On 

AH 

VW 

ua re 
Back 

Windshield 

Mu  if  i p l e fa  at  i j r"s 

2 «:io 

o «> 

AH 

lot 

Station 

None 

Nom* 

:u*5o 

j 

0 - 5 

Left 
Si  dr  On 

A 1 0 

Ford 

S t a t 1 on 

Wagon 

N o n r 

Nor,  e 

1 

Aw  a im h t tiponx;  rph  i c dummy  wars  .st-i-ured  In  t hr  driver’ s»  sr-nt  of  this 
stHt  ion  wagon  by  m«*ans  of  a lap  b*’Ut  hr  1 f 

Analysis  or  t hr  film  rrrord  f rum  f hr  .'an. era  t<  itnvH  per  sflcord  ) 

iniiit'ut  tol  that  the  window  »c|i  u-vr*(l  a p«-uk  vr  ! tie  1 t y >f  1 2 t t /«*•(•. 

Thr  w i roKh  \ <•  i .1  had  mult  i j * 1 *•  trat  turrs  prior  to  the  tent 

No  missile  impart**  wort*  noted  «»h  t fit-  h’Vyrt  foam  wi  trtesH  platr 
whirl)  f« . »*d  Kronni!  Is  t ti } s veliirh* 


f indiiw  damagr  due  t.<>  bomb  i r u^mt  nt  <;r  ; rater  rje-rtit  has  not 
hm?  ! (i « 1 iittrtl  in  t lie  : uhl  •' 
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by  bomb  fragments  or  crater  ejecta  rather  than  by  the  airblast  itself.  This  damage  was  not  included 
in  Table  IV. 

The  window  which  dislodged  from  the  frame  in  automobile  A3  traveled  across  the  field  of  view 
of  the  motion-picture  camera.  From  analyzing  the  record,  it  was  determined  that  the  peak  velocity  of 
the  center  of  mass  of  the  pane  was  about  12  ft/sec.  Because  of  the  low  velocity  and  the  fact  that 
the  glass  did  not  break  and  produce  sharp  edges,  it  is  estimated  that  the  pane  would  have  a very 
small  probability  of  penetrating  1 cm  of  soft  tissue.  Although  the  pane  was  quite  massive,  it  would 
probably  not  be  very  hazardous  from  the  point  of  view  of  blunt-body  trauma  because  of  the  low 
velocity. 


Dummy  in  Automobile 

No  damage  was  observed  to  the  dummy  secured  by  means  of  a lap  seat  belt  in  the  driver's  seat 
of  the  left-side -on  station  wagon  (A3)  at  2,115  feet  (1.2  psi).  The  window  behmd  the  left  rear  door 
was  blown  into  the  vehicle,  but  it  d,d  not  strike  the  dummy.  From  the  motion-picture  record  it  was 
determined  that  the  dummy  suffered  no  significant  displacement  during  the  blast  experience. 
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